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Summary
Objectives: To determine: (1) the incidence of invasive salmonellosis, (2) the distribution of
specific Salmonella serotypes associated with invasive disease, and (3) the role of demographic
characteristics in invasive salmonellosis in Michigan.
Design: We conducted a cross-sectional study using laboratory-confirmed cases of salmonellosis
reported to the Michigan Department of Community Health between 1995 and 2001.
Methods: Average annual incidences (AAIs) for invasive salmonellosis were computed, and
Poisson regression analysis was used to model the association between demographic attributes
and invasive salmonellosis.
Results: Of 6797 cases of salmonellosis, 347 (5.1%) were characterized as invasive having an
AAI of 0.5/100 000. A covariate-adjusted Poisson model showed children aged <1 year to be at
higher risk for invasive salmonellosis compared to adults aged 40—49 years (rate ratio (RR)
8.98, 95% confidence interval (CI) 5.69—14.17). No significant differences were found between
males and females (RR 1.02, 95% CI 0.83—1.26), African-Americans and Caucasians (RR 0.95,
95% CI 0.64—1.42), and urban and rural residents (RR 0.98, 95% CI 0.76-1.26). Among the most
common serotypes associated with invasive salmonellosis (Heidelberg, Typhimurium, and
Enteritidis), Salmonella serotype Heidelberg had the highest blood invasiveness ratio
(15.79/100).
* Corresponding author. Tel.: +1 517 432 9517; fax: +1 517 432 2310.
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Conclusions: Children aged <1 year, especially of minority groups, are at higher risk for invasive
Salmonella infections. Invasive salmonellosis may be included in the differential diagnosis of acute
bacterial infections in young children with positive stool cultures for Salmonella.
# 2007 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.Introduction
Primarily an enteric infection, non-typhoidal salmonellosis
(NTS) has also been associated with severe extra-intestinal
infections in healthy individuals: meningitis, osteomyelitis,
arthritis, endocarditis, cholecystitis, urinary tract infection,
and pneumonia.1,2 NTS infections usually cause self-limited
diarrhea but may lead to bacteremia with or without focal
infections especially in young children,3,4 the elderly,3,5,6
and immunocompromised individuals.6,7 Invasive salmonel-
losis often requires hospitalization and treatment with anti-
biotics6 and is associated with higher healthcare and
disability related costs than the non-invasive disease.
Each year, salmonellosis causes an estimated 1.4 million
cases of foodborne illness, over 100 000 physician office
visits,8 16 000 hospitalizations, and 600 deaths in the
USA.9 The Centers for Disease Control and Prevention
(CDC) reported invasive Salmonella infections (obtained from
sterile sites such as blood and cerebrospinal fluid (CSF)) of
about 6% (23 237) based on the submission of 384 266 Sal-
monella isolates with a known site of isolation between 1987
and 1997.4 In a recent study, the Foodborne Diseases Active
Surveillance Network (FoodNet) reported an average annual
incidence (AAI) of 0.9 invasive salmonellosis cases per
100 000 population. Seventy-one percent of salmonellosis
cases with invasive diseases were hospitalized and 29 (5%)
of these patients died.10
Population-based estimates and demographic character-
istics of invasive salmonellosis cases in the Midwest regions,
especially in Michigan, have not been reported before. We
conducted this study to: (1) determine the incidence, (2)
examine common invasive Salmonella serotypes, and (3)
study the association between certain demographic attri-
butes and invasive Salmonella infections in Michigan.
Methods
Study design
This cross-sectional study used Michigan Department of Com-
munity Health (MDCH) data collected from January 1995
through December 2001.
Data sources and collection
Salmonellosis is included under the Michigan Communicable
Disease Rules as a notifiable disease by law. Therefore,
physicians and laboratories across Michigan are required to
report cases of salmonellosis to local health departments
(LHDs). LHDs investigate suspected cases of salmonellosis and
collect demographic (i.e., age, sex, race, date of reporting,
and county of residence) and food history data on patients for
submission to the MDCH. In addition to reporting to the
MDCH, private laboratories also send patients’ clinical speci-mens to the MDCH Bureau of Laboratories, a regional CDC
reference laboratory, for confirmation and serotyping. Until
the development of an electronic web-based disease report-
ing system (Michigan Disease Surveillance System, MDSS) in
2004, the epidemiologic and laboratory data were recorded
separately. This study used epidemiologic data on culture-
confirmed cases of salmonellosis from the Bureau of Epide-
miology, and serotype and laboratory data from the Bureau of
Laboratories, MDCH.
Age-, sex-, and race-specific population estimates for the
different geographic locations in Michigan were obtained
using the 2000 census reported by the US Census Bureau.11
Linking epidemiologic and laboratory data
Epidemiologic and laboratory data were linked by common
identifiers (first and last names of cases) using Epi-Info 2004
(version 3.0; CDC, Atlanta, GA, USA) for all cases; approxi-
mately 85% of the cases were successfully matched using Epi-
info, while the remaining 15% of cases from the two data
sources were linked manually on a case-by-case basis. The
final linked dataset included all Salmonella cases reported to
the MDCH from 1995 through 2001. Information on patient’s
residential address, age, sex, race, ethnicity, illness onset
date, Salmonella serotype, and site(s) of Salmonella isolation
was available for analysis.
Invasive salmonellosis
An infection with a Salmonella serotype was considered
invasive when the positive culture was obtained from a
sterile site (e.g., blood or CSF).10
Data management
To examine age differences and obtain meaningful interpre-
tations, we divided age into several categories: <1, 1—4, 5—
9, 10—19, 20—29, 30—39, 40—49, 50—59, and 60 years. We
divided area of residence into urban or rural counties based
on the US Census Bureau definition: any county containing a
city of >50 000 people or an area that has at least 100 000
people and has a substantial commuting interchange with a
city of >50 000 people is an urban county.12
Information on race was self-reported and voluntary as
Caucasian, African-American, Native-American, Asian/Paci-
fic Islander, and ‘other’ in the MDCH database.
Statistical analysis
Average annual incidences among subjects grouped by age,
sex, race, county of residence, and year of isolation were
calculated using census population estimates.
The blood invasiveness ratio (BIR), a marker of blood
invasion potential, was calculated for each Salmonella
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Figure 1 Incidence per 100 000 population of invasive salmo-
nellosis by year, Michigan 1995—2001.serotype as the number of specific isolates from blood alone
divided by the number of isolates of the same serotype from
stool and blood cultures together.13
Poisson regression analysis was used to model the associa-
tions between certain demographic attributes (i.e., age, sex,
race, and area of residence) and invasive Salmonella infec-
tion; the adjusted rate ratios (RRs) and their 95% confidence
intervals (CIs) were computed using Proc Genmod (SAS 8.0;
SAS Institute Inc., Cary, NC, USA) as described by Kleinbaum
et al.14 All estimates with a p-value of<0.05 were considered
significant in the statistical analyses.
Ethical considerations
Michigan State University and Michigan Department of Com-
munity Health institutional review boards (IRB) for research
involving human subjects reviewed and approved the study
protocol.
Results
During the seven years (1995—2001), 6797 cases of culture-
confirmed salmonellosis were reported to the MDCH. Infor-
mation on the site of Salmonella isolation was recorded in
5608 (82%) of the submitted isolates: 5261 (94%) were cul-
tured from stool, 341 (6%) from blood, and six (<1%) from
CSF.
The incidence of invasive salmonellosis by year is shown in
Figure 1. An overall AAI of 0.5 cases per 100 000 for invasive
salmonellosis was calculated. The AAIs in males and females
were not significantly different (0.5 cases per 100 000). Age-
specific analysis revealed that the AAI was highest among
children aged <1 year (3.6/100 000), followed by children
aged 1—4 years (1.2/100 000), compared with the other age
groups. Information on race was missing for approximately
43% of cases. Based on cases with reported information on
race, Salmonella infection AAI was 0.2 cases per 100 000 in
African-Americans and 0.3 cases per 100 000 in Caucasians.
The AAI was similar in urban and rural counties (0.50 cases
per 100 000).
Estimates for the AAI and RRs with 95% CIs were computed
among the study subjects stratified by age and race using
Poisson regression analysis (Table 1). A higher AAI in African-Table 1 Average annual incidences (AAIs) per 100 000 of invasive s
Michigan, 1995—2001
Age (year) African-American
No. cases AAI
<1 7 4.12
1—4 5 0.67
5—9 5 0.48
10—14 1 0.11
15—19 1 0.12
20—29 2 0.13
30—39 2 0.13
40—49 3 0.22
50—59 2 0.23
60+ 0 0.00
* Reference category. RR, rate ratio; CI, confidence interval.American than Caucasian children aged <1 year was found
(4.1 vs. 1.5 cases per 100 000; RR 2.70, 95% CI 1.05—6.97). No
difference between African-Americans and Caucasians was
found among other age groups.
The final covariate adjusted Poisson regression model
revealed that children aged <1 year were at higher risk
for invasive salmonellosis than adults aged 40—49 years
(RR 8.98, CI 5.69—14.17). No statistical differences for inva-
sive salmonellosis in males vs. females, urban vs. rural
residents, and African-Americans vs. Caucasians were found
(Table 2).
The most common Salmonella serotypes associated with
invasive salmonellosis were Heidelberg, Typhimurium, and
Enteritidis (Table 3). Among these most common Salmonella
serotypes, Heidelberg had the highest BIR (15.79), followed
by Enteritidis (4.79) and Typhimurium (4.45) (Table 4).
Discussion
Salmonellosis continues to be one of the major foodborne
illnesses worldwide. In this study we have described the
epidemiology of invasive salmonellosis in Michigan using
surveillance-based MDCH data for the period from 1995 to
2001.
A relatively low AAI of invasive salmonellosis in Michigan
was found compared to FoodNet data reported by Vugia et al.almonellosis by race and age, using Poisson regression analysis,
Caucasian * RR (95% CI)
No. cases AAI
11 1.52 2.70 (1.05—6.97)
22 0.74 0.91 (0.34—2.39)
10 0.25 1.93 (0.66—5.65)
9 0.22 0.50 (0.06—3.99)
12 0.30 0.42 (0.05—3.20)
19 0.26 0.50 (0.12—2.16)
16 0.18 0.74 (0.17—3.22)
21 0.24 0.92 (0.27—0.86)
17 0.27 0.86 (0.20—3.27)
29 0.29 —
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Table 2 Poisson regression model with rate ratios (RRs) and 95% confidence intervals (CIs) for risk factors for invasive Salmonella
infections in Michigan, 1995—2001 (N = 347)
No. cases AAI (per 100 000) Adjusted RR (95% CI)
Age
<1 33 3.60 8.98 (5.69—14.17)
1—4 45 1.20 2.95 (1.94—4.50)
5—9 27 0.50 1.26 (0.77—2.05)
10—19 42 0.40 1.04 (0.68—1.60)
20—29 36 0.40 0.97 (0.62—1.52)
30—39 38 0.40 0.88 (0.57—1.37)
40—49* 42 0.40 1.00
50—59 34 0.50 1.13 (0.72—1.78)
60+ 50 0.50 1.13 (0.75—1.70)
Gender
Male * 168 0.50 1.00
Female 179 0.51 1.02 (0.83—1.26)
Race
Caucasian * 167 0.30 1.00
African-American 28 0.20 0.95 (0.64—1.42)
Native American 0 0.00 —
Asian/Pacific Islander 0 0.00 —
Other races 1 — —
Not recorded 151 — —
Type of county
Urban 273 0.50 0.98 (0.76—1.26)
Rural * 74 0.51 1.00
* Reference category. AAI, average annual incidence.for the years 1996—1999 (0.5 vs. 0.9 cases per 100 000).10 The
disparity in the two estimates could be due to differences in
surveillance systems and reporting of salmonellosis. The
significant numbers of cases reported by Vugia et al. were
based on the result of FoodNet activities that used active
surveillance by contacting selected clinical laboratories
about foodborne diseases, including salmonellosis, in nineTable 3 Number and percent of Salmonella serotypes asso-
ciated with invasive salmonellosis, Michigan, 1995—2001
(N = 280)
Rank Serotype No. cases Percent
1 Heidelberg 67 19.3
2 Typhimurium 65 18.7
3 Enteritidis 58 16.7
4 Typhi 13 3.7
5 Oranienburg 11 3.2
6 Dublin 10 2.9
7 Poona 10 2.9
8 Montevideo 9 2.6
9 Agona 7 2.0
10 Hadar 6 1.7
11 Java 6 1.7
12 Thompson 6 1.7
13 Brandenburg 4 1.2
14 Sandiego 4 1.2
15 Schwarzengrund 4 1.2US states, whereas data for this study were based mostly on a
passive surveillance system (although salmonellosis is a noti-
fiable disease in Michigan, it depends on the diligence of
physicians and laboratories in reporting cases of Salmonella
infection to the MDCH).
In concordance with previous epidemiologic stu-
dies,13,15,16 young children aged <1 year had a higher inci-
dence of invasive salmonellosis compared to adults. In a
recent study conducted in children aged <14 years in Her-
aklion, Greece, 60% of the invasive salmonellosis cases were
reported among children aged <1 year.15 The reasons for the
higher rate of invasive Salmonella infections in young chil-
dren are unclear,10 however, host-related factors such as gut
immaturity6,16 and environment-related causes such as con-
taminated home environment,17 intrafamilial transmission18
(infection transmission among family members), and warm
season,19 could have a predisposing effect. Additionally,
concomitant use of antibiotics has been suggested.19 While
the higher incidence in this age group may be due to the
reasons stated,4 making them vulnerable to many infections
including salmonellosis, the higher reported incidence in
young children compared to adults may partially be a reflec-
tion of increased case detection.20 Caretakers often seek
medical attention for young children, even for mild gastro-
intestinal symptoms. In general, adults with mild symptoms
do not consult healthcare providers and therefore do not get
reported.20 Increased susceptibility for infections and per-
haps more diagnostic testing and reporting in the youngest
age groups may lead to a higher reported incidence of
invasive salmonellosis compared to that in adults.
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Table 4 Blood invasiveness ratio (BIR) for Salmonella ser-
otypes associated with invasive infection, Michigan, 1995—
2001
Serotype No. blood isolates No. stool isolates BIR
Dublin 10 3 76.92
Shubra 1 2 33.33
Choleraesuis 2 5 28.57
London 1 3 25.00
Minnesota 1 3 25.00
Brandenburg 4 14 22.22
Schwarzengrund 4 16 20.00
Pomona 1 4 20.00
Sandiego 3 14 17.65
Cubana 1 5 16.67
Heidelberg 66 352 15.79
Poona 8 46 14.81
Panama 2 12 14.29
Reading 2 15 11.76
Montevideo 9 75 10.71
Give 1 9 10.00
Miami 1 9 10.00
Hadar 6 60 9.09
Virchow 1 11 8.33
Oranienburg 11 131 7.75
Bovismorbificans 1 13 7.14
Agona 7 131 5.07
Marina 1 19 5.00
Enteritidis 57 1134 4.79
Senftenberg 1 21 4.55
Typhimurium 65 1395 4.45
Anatum 1 22 4.35
Javiana 3 69 4.17
Thompson 6 150 3.85
Mbandaka 1 26 3.70
Java 6 165 3.51
Stanley 3 88 3.30
Derby 1 30 3.23
Berta 1 33 2.94
Hartford 2 72 2.70
Muenchen 3 115 2.54
Braenderup 2 109 1.80
Newport 3 198 1.49
Unknown 15 144 9.43
Total 314 4723 6.23Our data also show that the incidence of invasive Salmo-
nella infection was significantly higher among African-Amer-
ican children aged <1 year compared to Caucasian children
of the same age group. The disparity in salmonellosis inci-
dence between these two race groups may be due, in part, to
differences in socioeconomic status (e.g., income and edu-
cation level) and the health-seeking behavior of caretakers,
rather than a racial difference in the children’s biological
susceptibility. In Michigan, a larger proportion of African-
Americans lack health insurance compared to Caucasians.21
Health-seeking behavior between the two races could differ
by the insurance factor: Caucasians may consult physicians
earlier in the progression of illness, while African-American
families with no insurance may wait until symptoms becomemore severe before seeking medical care — at a time when
clinical samples are more often taken for culture. As men-
tioned earlier, information regarding race was missing for
approximately 43% of cases. However, the missing data on
race differed substantially by area:most of the casesmissing
information on race were from Macomb, Wayne, and Oak-
land counties where a larger proportion of the population is
African-American compared to other counties in Michigan. If
the cases with missing race data follow the racial distribu-
tion of the counties in which they lived, then the cases with
missing race data would be more likely to be African-Amer-
ican than Caucasian. And, if African-American race were a
true risk factor for acquiring salmonellosis, then the cases
with missing race data would also be more likely to be
African-American than Caucasian. In either situation,
race-specific salmonellosis calculations are likely to be an
underestimate of the actual disease rate among African-
Americans.22 Further studies are needed to investigate race-
specific incidence of invasive salmonellosis.
Epidemiologic and microbiologic investigations have sug-
gested that the virulence and invasiveness of certain
non-typhoidal Salmonella serotypes, such as Enteritidis,
Typhimurium, and Virchow, may vary by population.23 In
this study, Heidelberg, Typhimurium, and Enteritidis were
themost commonly isolated invasive serotypes. The primary
known reservoirs for these serotypes are chickens, cattle,
and eggs.24 Other studies have found Choleraesuis, Dublin,
and Virchow as the most frequent causes of Salmonella
bacteremia.23,25,26 In our study, among the most common
Salmonella serotypes associated with invasive salmonello-
sis, Heidelberg had the highest BIR (15.79), followed by
Enteritidis (4.79), and Typhimurium (4.45). A population-
based study conducted in Israel showed a BIRof 3.27 and 2.10
with Enteritidis and Typhimurium, respectively.13
Distribution of invasive Salmonella infections among cases
varies considerably by their immune status.6,27,28 Host immu-
nity may be compromised by other co-morbidities such as
cancer and HIV infections increasing the risk for Salmonella
bacteremia.27—29 Since the data spanned 7 years and the
record-keeping methods were not sufficient to link cases of
salmonellosis with other health problems, we did not have
data on underlying health conditions or the immune status
(competent vs. compromised) of reported cases. Therefore,
we could not estimate the proportion of Salmonella cases
that may have been due to host immunosuppression.
Some limitations of the study should be considered when
interpreting the findings. The data were based on a passive
disease surveillance system and along with the fact that most
foodborne diseases are under-reported, the incidence figures
are likely to represent an underestimation of the actual
disease burden on the population.9 However, we studied only
invasive salmonellosis cases. These cases are more likely to
be associated with moderate to severe clinical symptoms,
thereby resulting in higher consultation and reporting to
healthcare professionals when compared to all cases of
salmonellosis.22,30 The BIRs may represent an underestima-
tion of the actual proportion of cases with bacteremia
because blood cultures for salmonellosis are usually reserved
for cases with severe disease symptoms, cases with co-infec-
tions, and young children. A large proportion of adult
patients with mild to moderate disease symptoms may not
have had diagnostic blood cultures for Salmonella. However,
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who request bacterial cultures from blood across all Salmo-
nella serotypes.
Information on antibiotic resistance profiling, phenotype
and genotype characterization, and phage typing of Salmo-
nella isolates would have strengthened our findings. How-
ever, the Bureau of Laboratories at MDCH keeps the
Salmonella isolates for only two years and therefore we could
not access the isolates for the cases. Additionally, the MDCH
laboratory performs detailed microbiologic and molecular
analysis only on selected isolates, usually those collected
from outbreaks. Thus the focus here has been on descriptive
epidemiologic attributes associated with invasive and non-
invasive salmonellosis.
Since the data for the cases in this study were based on the
reporting from State county departments of health and
laboratories, data on the severity of the illness, hospitaliza-
tion history, and extraintestinal infections such as arthritis
and peritonitis were not available in the records for inclusion
in the analysis.
In conclusion, we have addressed the patterns and trends
of invasive salmonellosis in Michigan based on the identifica-
tion of the different Salmonella serotypes associated with
invasive salmonellosis. We have also identified the demo-
graphic characteristics of the cases, finding a higher rate of
invasive salmonellosis in young children. Invasive salmonel-
losis may be included in the differential diagnosis of acute
bacterial infections in young children, especially in African-
Americans with positive stool cultures for Salmonella.
Laboratory work-ups may be carried out in accordance with
clinical signs and symptoms in patients with positive stool
cultures for Salmonella, which may help to prevent compli-
cations associated with invasive disease.
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